We for the first time propose the highly efficient method of RF and optical signal mixing based on two different architectures: the parallel-RF/serial-optics architecture characterized by all-optical mixing for sub-carrier multiplexing, and the parallel-RF/parallel-optics architecture based on the array of 12x10 GHz components with directly modulated VCSELs and 12 multimode optical fibers. The main advantages of the both architectures are simplicity and low-cost implementation. We have carried out numerical simulations of ultra-wideband signals propagation in the proposed systems and proved the high efficiency and feasibility of the proposed method.
INTRODUCTION
Generally, in optical subcarrier multiplexed (SCM) systems, several channels are multiplexed around an optical carrier using frequency division multiplying (FDM) technique [1] , [2] . Each channel can be digitally intensity modulated into a bit-stream or coded using a multilevel modulation scheme at the RF domain, enabling an increase of the channel information capacity. The frequency multiplexed signal is then converted to an analog optical signal using a very wide optical modulator shown in Fig. 1 . The QAM modulation scheme for each RF sub channel is used. In order to correctly transpose the frequency multiplexed signals, a high degree of linearity and a very wide RF bandwidth are required. One of the main drawbacks of SCM technique is the RF fading effect coming from interaction between the RF subcarrier and the chromatic dispersion of the fiber. During the propagation of the double side band signal through a dispersive fiber, the upper and the lower side bands will undergo difference phase shifts due to the different phase velocities. The squared photodetection applied to this double side band signal will exhibits the RF fading effect at determined fiber distances. Dispersion induced RF fading effect is significant in optical links without dispersion compensation. In order to improve the spectral efficiency and to reduce the chromatic dispersion penalties, two subcarrier modulation schemes can be used: single-side band modulation (SSB) and tandem single side band modulation (TSSB) [3] . These two techniques can be realized by using a dual drive Mach Zehnder modulator (MZM) [3] . However, MZM induces nonlinear signal distortions.
In this paper, we investigate the Orthogonal Frequency Division Multiplexing (OFDM) technology as a key building block for mitigating the non-linear signal distortion. Parallel and serial architectures are explored in order to construct multi-band OFDM signals capable of delivering a multi-gigabit analog signal. Transmission performances are analyzed theoretically. We address beyond 40Gb/s data rates by parallel transmission over more than 128 conventional WiMedia/ECMA [2] baseband channels, each having 528 MHz. One of the key advantages of the proposed approach is the ability to provide hybrid fiber-wireless solution, where the wireless segment at the available ultra-wideband (UWB) transmission is fully compliant with UWB regulations. We.A1.6
We propose a novel microwave photonic components based on SiGe technology in order to realize the low-cost and highly integrable systems with the required performance characteristics.
PARALLEL RF/SERIAL OPTIC ARCHITECTURE
A novel concept for a scalable radio-over-fiber (ROF) system enable to bring up to 100 Gb/s is shown in Fig. 2 . The system is scalable in such a way that it enables the various channels and bands. The development of novel O/E and E/O components and subsystems for the extended band UWB signal transmission over the fiber is necessary. For instance, photo detection up to 64 GHz may be achieved through the lateral illumination and resonant-cavity-enhancement of SiGe heterojunction phototransistor (HPT). Additionally, an ultra-wideband and highly linear E/O modulator is needed for the implementation of the proposed architecture. A single-mode fiber (SMF) can be used in long-haul applications.
Figure 2. 64 Gb/s based on parallel RF/serial optics.

BEYOND 40 GB/S PARALLEL RF/ PARALLEL OPTICS ARCHITECTURE
In the alternative scheme of the parallel RF/parallel optics architecture shown in Fig. 3 each directly modulated low-cost multimode VCSEL with a 10 Gb/s bandwidth transmits its signal over a separate multimode fiber (MMF). This architecture based on 12x10 GHz transceiver for digital 100 GbE was proposed in Ref. [4] . We enhanced this architecture for ROF applications. In contrast to the parallel RF/serial optics architecture with SMF suitable for long-haul applications, this version based on MMF is appropriate for short-range applications. The parallel RF/parallel optics architecture is expected to operate at the wavelength of 850 nm over MMF of the length of about several hundred of meters. The input lanes are directly connected to 12 Laser Drivers (LDs), which are in turn connected to a 12-element VCSEL array. The output lanes are directly connected to a 12-element PIN-diode array. After the detection the RF signals are amplified by 12 transimpedance amplifiers (TIAs) as it seen from Fig. 3 . 
SIMULATION RESULTS
The numerical simulations have been carried out for the parallel RF/parallel optics architecture. We investigated the mixing of 10 RF channels each one with the 0.5 GHz bandwidth. The resulting signal was applied to the multimode 10 GHz VCSEL, the modulated optical signal was transmitted through the 50 m MMF and at the output detected by the PIN diode. The simulation results are shown in Fig. 4 . The mixed RF spectrum at the VCSEL input, the modulated optical signal at the VCSEL output, and the detected RF spectrum are shown in the upper box, the middle box, and the lower box of Fig. 4 , respectively. The internal structure of one of the RF channels located at 3.5 GHz central frequency at the corresponding transmission stages is shown in Fig. 5 . This channel includes 128 subcarriers and is transmitting 496 Mb/s over 0.5 GHz bandwidth. In order to evaluate the quality of the system performance we calculated the bit error rate (BER) each of 10 RF channels considered. We.A1.6
As it is seen from Fig. 6 , BER of the higher frequency channels 3 -7 is small enough, about 10 -5 . Two low frequency channels have a large BER due to the spectral properties of VCSEL.
CONCLUSIONS
In conclusion, we proposed two possible architectures for the high spectral efficiency optical transmission of OFDM UWB signals beyond 40 Gb/s: the parallel RF/serial optics architecture and parallel RF/parallel optics architecture. We have carried out the numerical simulations for the parallel RF/parallel optics architecture and predicted its highly quality performance.
